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0RGHOGHYHORSPHQWWRDFFHVVWKHDJHLQJRISRO\PHULFPHPEUDQHVGXHWRFKHPLFDO
FOHDQLQJ
6=$EGXOODK35%pUXEp6-DQNKDK
8QLYHUVLW\RI%ULWLVK&ROXPELD&DQDGD
+\GURSKRELF 39') EDVHG PHPEUDQHV DUH ZLGHO\ XVHG IRU ZDWHU DQG ZDVWHZDWHU WUHDWPHQW
DSSOLFDWLRQVEHFDXVHRIWKHLUDELOLW\WRHIIHFWLYHO\UHWDLQUHPRYHPDQ\LPSRUWDQWFRQWDPLQDQWVDV
ZHOODVIRUWKHLUVXLWDEOHFKHPLFDODQGPHFKDQLFDOSURSHUWLHV+RZHYHU LQJHQHUDOK\GURSKLOLF
PHPEUDQHVDUH OHVVVXVFHSWLEOH WR IRXOLQJ)RU WKLV UHDVRQ39')EDVHGPHPEUDQHSURGXFWV
DUH W\SLFDOO\ PRGLILHG ZLWK K\GURSKLOLF DGGLWLYHV WR PDNH WKH PHPEUDQH VXUIDFH K\GURSKLOLF
1RQHWKHOHVV RYHUWLPH VRPH RI WKH UHWDLQHG FRQWDPLQDQWV DGVRUE DW DQGRU LQ WKHPRGLILHG
PHPEUDQHVXUIDFHV7KLVNLQGRIDGVRUSWLYHIRXOLQJ LVXVXDOO\FRQWUROOHGE\FKHPLFDOFOHDQLQJ
ZKLFK HVVHQWLDOO\ GLVVROYHV WKH DGVRUEHG PDWHULDO IURP WKH PHPEUDQH ,Q WKH PDMRULW\ RI
PHPEUDQHV\VWHPVVRGLXPK\SRFKORULWH1D2&OLVXVHGDVSULPDU\FKHPLFDOFOHDQLQJDJHQW
7KH UHFRPPHQGHG FRQFHQWUDWLRQ RI FKHPLFDO FOHDQLQJ DJHQWV DQG WKH IUHTXHQF\ RI FKHPLFDO
FOHDQLQJYDU\ZLGHO\EHWZHHQILOWUDWLRQDSSOLFDWLRQVDQGPHPEUDQHVXSSOLHUV

$OWKRXJKVRGLXPK\SRFKORULWH LVHIIHFWLYH IRU IRXOLQJ FRQWURO RYHUH[WHQGHGSHULRGVRI WLPH LW
FDQDIIHFWWKHSK\VLFDOFKHPLFDOFKDUDFWHULVWLFVRIWKHPHPEUDQHDIIHFWLQJWKHH[WHQWRIIRXOLQJ
DV ZHOO DV WKH WUHDWPHQW SHUIRUPDQFH DQG WKHUHIRUH WKH RSHUDWLQJ OLIHWLPH RI PHPEUDQH
V\VWHPV $ PHPEUDQH LV FRQVLGHUHG WR UHDFK LWV RSHUDWLQJ OLIHWLPH ZKHQ WKH PHPEUDQH
SHUIRUPDQFH GHWHULRUDWHV EHORZ DQ DFFHSWDEOH OHYHO DW ZKLFK SRLQW WKHPHPEUDQHPXVW EH
UHSODFHG,IDPHPEUDQHUHDFK LWVRSHUDWLQJ OLIHWLPHUHODWLYHO\IDVWWKHUHSODFHPHQWFRVWFRXOG
VLJQLILFDQWO\ LQFUHDVH WKH RYHUDOO FRVW RI WKH V\VWHP 'HVSLWH WKH ZLGHVSUHDG XVH RI VRGLXP
K\SRFKORULWH DV D FKHPLFDO FOHDQLQJ DJHQW WKH HIIHFWV RI UHSHDWHG VRGLXP K\SRFKORULWH
FOHDQLQJV RQ WKH SK\VLFDOFKHPLFDO FKDUDFWHULVWLFV RI D PHPEUDQH KDYH EHHQ SRRUO\
FKDUDFWHUL]HG 7KH SUHVHQW VWXG\ IRFXVHV RQ WKH LGHQWLI\LQJ WKH FKDQJHV LQ WKH
SK\VLFDOFKHPLFDO FKDUDFWHULVWLFV WKH PHFKDQLVPV UHVSRQVLEOH IRU WKH FKDQJHV DQG WKH
SDUDPHWHUVJRYHUQWKHFKDQJHVGXHWRUHSHDWHGFKHPLFDOFOHDQLQJV

7KH VWXG\ZDVSHUIRUPHGXVLQJ YLUJLQ39')PHPEUDQHV =: ILEUHV IRUP*(3RZHU DQG
:DWHUDQGODEFDVWPHPEUDQHV7KHVSHFLILFFKHPLFDOFRPSRVLWLRQRIFRPPHUFLDOPHPEUDQHV
LVSURSULHWDU\ DQGFDQQRW EH UHSRUWHG2Q WKHRWKHU KDQGSULRU NQRZOHGJHRI WKHPHPEUDQH
FKHPLVWU\ LV UHTXLUHG WR WDUJHW WKH DQDO\VLVGHWHFWLRQ RI VSHFLILF FKHPLFDO FRPSRQHQWV RI
PHPEUDQH PDWHULDOV )RU WKLV UHDVRQ VRPH PHPEUDQHV ZHUH FDVW LQ WKH ODE ZLWK NQRZQ
FKHPLFDOFRPSRVLWLRQ7KHPHPEUDQHVDPSOHVZHUHH[SRVHGWRVRGLXPK\SRFKORULWHGRVHVRI
 SSPKU  SSPKU DQG  SSPKU IRU WKUHH GLIIHUHQW VRGLXP
K\SRFKORULWH FRQFHQWUDWLRQV  SSP  SSP DQG  SSP 1RWH WKDW D PD[LPXP
OLIHWLPHGRVHRISSPKULVUHFRPPHQGHGE\*(3RZHUDQG:DWHU)RUHDFKGRVHRI
VRGLXPK\SRFKORULWHWKHPHPEUDQHPDWHULDOZDVFKDUDFWHUL]HGXVLQJWZRGLIIHUHQWDSSURDFKHV
7KH ILUVW DSSURDFK IRFXVHG RQ GLUHFW REVHUYDWLRQ RI WKH PHPEUDQH VWUXFWXUH DQG FKHPLFDO
PDNHXS 6FDQQLQJ (OHFWURQ 0LFURVFRS\ 6(0 ZDV XVHG WR FKDUDFWHUL]H WKH PHPEUDQH
VXUIDFH LQ WHUPVRI SRURVLW\ SRUH VL]H DQG SRUH VL]H GLVWULEXWLRQ&RQWDFW$QJOHZDV XVHG WR
FKDUDFWHUL]H WKH K\GURSKRELFLW\ RI PHPEUDQH VXUIDFH DQG )RXULHU 7UDQVIRUP ,QIUDUHG
6SHFWURVFRS\ )7,5 DQG1XFOHDU0DJQHWLF5HVRQDQFH 105 ZDV XVHG WR FKDUDFWHUL]H WKH
PHPEUDQH LQ WHUPV RI LWV FKHPLFDO FRPSRVLWLRQ 7KH VHFRQG DSSURDFK IRFXVHG RQ LQGLUHFW
DVVHVVPHQW RI WKH SK\VLFDOFKHPLFDO FKDUDFWHULVWLFV RI PHPEUDQHV EDVHG RQ WKH DELOLW\ WR
UHWDLQ DGVRUE DQG UHOHDVH PDWHULDO RI VSHFLILF FKDUDFWHULVWLFV LH 'H[WUDQ ZLWK GLIIHUHQW
VL]HPROHFXODUZHLJKWDQGGLIIHUHQWSURWHLQVROXWLRQV
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%DVHGRQ WKHDSSDUHQWSRURVLW\RI WKHPHPEUDQHVXUIDFHVGLIIHUHQFHVZHUHREVHUYHG IRU WKH
GLIIHUHQWGRVHVDQGFRQFHQWUDWLRQVRIVRGLXPK\SRFKORULWHVXJJHVWLQJWKDWUHSHDWHGFOHDQLQJLV
H[SHFWHGWRKDYHDVLJQLILFDQWHIIHFWRQPHPEUDQHFKDUDFWHULVWLFV)LJXUH
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)LJXUH6(0,PDJHRI9LUJLQ0HPEUDQHDDQGPHPEUDQHVH[SRVHGWRGLIIHUHQWGRVHVDQG
FRQFHQWUDWLRQVRIVRGLXPK\SRFKORULWHVROXWLRQEFDQGG

6LPLODUO\EDVHGRQWKHFKHPLFDOFRPSRVLWLRQDQGFRQWDFWDQJOHDVZHOODVWKHDELOLW\WRUHWDLQ
DGVRUEDQGUHOHDVHPDWHULDORIVSHFLILFFKDUDFWHULVWLFVVLJQLILFDQWGLIIHUHQFHVZHUHREVHUYHGIRU
WKH GLIIHUHQW GRVHV FRQVLGHUHG DV ZHOO DV IRU FRQGLWLRQV ZLWK VLPLODU GRVHV EXW GLIIHUHQW
FRQFHQWUDWLRQVRIVRGLXPK\SRFKORULWHVXJJHVWLQJWKDWUHSHDWHGFOHDQLQJLVH[SHFWHGWRKDYHD
VLJQLILFDQWHIIHFWRQPHPEUDQHIRXOLQJ

)RU DOO WKH PHPEUDQH FKDUDFWHULVWLF SDUDPHWHUV LQYHVWLJDWHG LH FRQWDFW DQJOH FKHPLFDO
FRPSRVLWLRQ RI PHPEUDQH PDWHULDO EDVHG RQ )7,5 DQG 105 DQDO\VLV D UHODWLRQVKLS ZDV
REVHUYHGEHWZHHQWKHSDUDPHWHUVDQGWKHFRQFHQWUDWLRQRIWKHFKHPLFDOFOHDQLQJDJHQW&DQG
GXUDWLRQRIWKHFOHDQLQJSHULRGW+RZHYHUWKHUHODWLRQVKLSLVQRWOLQHDUZLWKUHVSHFWWR&RU&W
$W\SLFDOUHVSRQVHRIDPHDVXUHGPHPEUDQHFKDUDFWHULVWLFSDUDPHWHUZLWKUHVSHFWWRWKH&DQG
W LV LOOXVWUDWHG LQ WKH )LJXUH  $V SUHVHQWHG WKH FKDQJH LQ WKH PHPEUDQH FKDUDFWHULVWLF
SDUDPHWHULVSURSRUWLRQDOWRWKH&QW
:KHUHQ FRQVWDQWQLVOHVVWKDQIRUDOOSDUDPHWHUV
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)LJXUH$W\SLFDOUHVSRQVHRIDPHPEUDQHFKDUDFWHULVWLFSDUDPHWHUZLWKUHVSHFWWRWKH&DQG
W

7KHVH UHVXOWV LQGLFDWH WKDW WKHFRQFHQWUDWLRQRI WKHFKHPLFDO FOHDQLQJ DJHQWVDQGGXUDWLRQRI
WKH FOHDQLQJ SHULRG DUH WKHPDMRU SDUDPHWHUV ZKLFK FDQ EH XVH WRPRGHO WKH HIIHFWV RI WKH
FKHPLFDOFOHDQLQJDJHQWVRQWKHFKDQJH LQ WKHSK\VLFDOFKHPLFDOFKDUDFWHULVWLFVRIPHPEUDQH
PDWHULDODVZHOO DVRSHUDWLQJ OLIHWLPHRIPHPEUDQHVDQG WKDW WKHHIIHFWRI WKH&RU&W LQQRW
OLQHDUO\UHODWHGWRWKHFKDQJHV
.H\ZRUGV UHSHDWHG FKHPLFDO FOHDQLQJ FRQFHQWUDWLRQ RI FKHPLFDO FOHDQLQJ DJHQW GXUDWLRQ RI
WKHFOHDQLQJSHULRGSK\VLFDOFKHPLFDOFKDUDFWHULVWLFVRIPHPEUDQHPDWHULDO
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